(−)-Bornyl acetate is the main volatile constituent in numerous conifer oils and has a camphoraceous, pine-needle-like odor. It is frequently used as the conifer needle composition in soap, bath products, room sprays, and pharmaceutical products. However, the psychophysiological effects of (−)-bornyl acetate remained unclear. We investigated the effects of breathing air mixed with (−)-bornyl acetate at different doses (low-dose and high-dose conditions) on the individuals during and after VDT (visual display terminal) work using a visual discrimination task. The amounts of (−)-bornyl acetate through our odorant delivery system for 40 min were 279.4 μg in the low-dose and 716.3 μg in the high-dose (−)-bornyl acetate condition. (−)-Bornyl acetate induced changes of autonomic nervous system for relaxation and reduced arousal level after VDT work without any influences of task performance in low-dose condition, but not in high-dose condition.
(−)-Bornyl acetate is a bicyclic monoterpene present in numerous conifer oils and several other oils including red pine (Pinus densiflora), balsam or siberian fir (Abies balsamea, Abies sibirica) and valerian (Valeriana officinalis) (structure of (−)-bornyl acetate in Fig. 1 ). The essential oil is the aromatic portion of the plant material, which imparts the specific flavor and odor most closely associated with the plant itself and the pharmaceutical properties of aromatic herbs are partially attributed to essential oils. (−)-Bornyl acetate has a camphoraceous and pineneedle-like odor (22) and due to its characteristic odor, (−)-bornyl acetate is frequently used as the conifer needle composition in soap, bath products, room sprays, and pharmaceutical products. In terms of the pharmacological activities, (−)-bornyl acetate is known to have an anti-inflammation activity (26) . A recent study found that high workloads and poor working conditions could attribute to mental health disturbances (5) . Medications for many mental diseases have unpleasant side effects, including dizziness, nausea and sleep disturbance. In addition, psychoactive drugs or symptoms of mental diseases impair work performance (5, 15) . The pharmaceutical potentials of essential oils have been discussed for the treatment of mental diseases; anxiety, depression and sleep disorders (2, 4) . Work-related mental health disturbances suggested relating to autonomic dysfunction (10, 23) . Several essential oils induce autonomic nerve responses which relate to relaxation or excitation (3, 6, 7) . We have previously tried to establish an experimental method to evaluate the effects of aromatic herbs on vigilance performance with a visual discrimination task (13, 14) . Our preliminary screening or without (−)-bornyl acetate. Air from the chamber was transmitted through additional tubing to a modified mask immobilized at 15 cm from the nose of a participant seated in the experiment room (Avitecs; Yamaha Corp. Shizuoka, Japan). The experiment room was maintained at 25 ± 2°C during all experiment periods.
Analysis of the amounts of (−)-bornyl acetate during experiment. The reagent was stored at 4°C before performing the experiments. To determine the amount of (−)-bornyl acetate emitted from the squalane solution during the experiment, volatile was collected using a tedlar PVF bag controlled at a constant-flow rate of 1.0 L min −1 for 40 min (40 L air). The collected volatile was transferred to a carbon tube (an ORBO100 Carbotrap tube containing approximately 525 mg Carbotrap; O.D × length: 7 mm × 110 mm; particle size: 20-40 mesh; Supelco, Bellefonte, PA) maintained at 20 ± 2°C by applying a flow rate of 0.05 L min −1 for 15 h. Finally, the volatile was eluted by acetone and then subjected to GC-MS (Gas Chromatography-Mass Spectrometer) system (GC-17A/QP5050; Shimadzu Co., Ltd., Kyoto, Japan) with a DB-5 column (30 m × 0.25 mm i.d., 0.25 μm film thickness; J & W Scientific Inc.) for quantification of emitted (−)-bornyl acetate. The temperature program was as follows: 50°C for 3 min, followed by increases of 10°C/min −1 to 200°C, and holding for 5 min. The other parameters were as follows: injection temperature, 250°C; ion source temperature, 250°C; ionization energy, 70 eV; carrier gas, He at 1 mL min −1 ; injection volume, 1 μL; split ratio, 1 : 30; mass range, m/z 50 to 450. Quantification was obtained by the calculation using the percentage of peak areas of (−)-bornyl acetate relative to an internal standard (hexadecane) from the gas chromatogram.
Participants. The experimental design of the study was approved by Kyushu University and was in accordance with the Declaration of Helsinki. Nine healthy male university students [age: 22 ± 2.2 years (mean ± SD); range: 19 to 25 years] were recruited. None of the participants had any abnormality in their sense of smell, physical or mental health problems, current drug use, or a current smoking habit. To avoid the psychological and physiological difference between the genders, we focused on only male participants in this study. The purpose and schedule of the experiments were explained, and written informed consent was obtained from all participants prior to study initiation. Before the experiment, parof several essential oils and aromatic constituents revealed that the breathing of (−)-bornyl acetate has a potential to change the autonomic nerve activity. In the present study, to investigate these physical changes during and after VDT (visual display terminal) work using a visual discrimination task, we analyzed the R-R intervals and sympathetic and parasympathetic nerve activity in electrocardiography and brain wave activity using electroencephalography. We found that breathing of air mixed with (−)-bornyl acetate induced changes of autonomic nervous system for relaxation and reduced arousal level after VDT work without any influences of task performance in low-dose condition, but not in highdose condition.
MATERIALS AND METHODS
Chemicals. (−)-Bornyl acetate (Sigma-Aldrich Japan Co., Tokyo, Japan) was purchased from the indicated suppliers. Squalane (2,6,10,15,19,23-hexametyltetracosane) was purchased from Tokyo Chemical Industry Co. (Tokyo, Japan). The highly purified acetone (Acetone 300, used for the analysis of pesticide residues and polychlorinated biphenyl) was purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Odorant delivery. The study was carried out under different doses of (−)-bornyl acetate and odorless air for 40 min (a 5-min baseline before performing the task, a 30-min VDT task, and a 5-min recovery period after the task). Experimental solutions were prepared by dilution of (−)-bornyl acetate (7.4 mg and 18.5 mg were defined as "low-dose" and "highdose" respectively, for convenience) in 7.5 mL of a squalane. The odorant delivery system was reported previously (14) . In brief, the system was controlled by a constant-flow olfactometer that forced air at a constant rate of 1.0 L/min through stainless or teflon tubing into a charcoal trap and then into a 30 mL glass chamber (Sibata Scientific Technology Ltd, Saitama, Japan) containing 7.5 mL a squalane with Japan) placed in the CM5 position. To evaluate cardiac autonomic nervous activity, we performed a power spectral analysis of R-R intervals using a MemCalc system (MemCalc Ver. 2.5; Suwa Trust Co., Tokyo, Japan). Heart rate variability (HRV) was assessed by two-dimensional Lorenz scatter plot of successive interval versus immediately preceding R-R interval (25) . ECG recordings were played back from a two-channel recorder and the signals were digitized using a 12 bit analogue-to-digital converter at a sampling rate of 1 kHz. We analyzed the lowfrequency (LF: 0.04-0.15 Hz) and high-frequency (HF: 0.15-0.4 Hz) components. The changes of mean R-R intervals, HF components and LF/HF ratio were calculated the percentage changes compared to the unstipulated periods before baseline (absence of (−)-bornyl acetate).
EEG recording. EEG was recorded using Ag/AgClelectrodes (NE-101A; Nihon Kohden Co., Tokyo, Japan) according to the international 10-20 system. The electrodes were affixed at electrode sites C3 and C4 using an adhesive electrode cream. Recordings were monopolar referenced to the ipsilateral mastoids, and impedances were brought below 5,000 ohms. The signal was passed through a MWM-01 EEG monitor (GMS Ltd., Japan) with amplifiers set as follows: low frequency filter, 1 Hz; high frequency filter, 100 Hz; amplification, 20,000. The line frequency filter was on for all channels. The output from the amplifiers was directed to a SONY VAIO VGN-T70B. The signal was sampled at a rate of 512 Hz and steamed to a hard disk using data acquisition software (MemCalc/Makin2; GMS Ltd., Japan).
Statistical analysis.
In all experiments, statistical analysis was performed using a paired Student's t-test. The values are expressed as the mean ± SEM. P values < 0.05 and < 0.1 were considered significant and a tendency, respectively. All statistical analysis was performed using SPSS 15.0J for Windows (SPSS Japan, Tokyo, Japan).
RESULTS AND DISCUSSION
We investigated the effects of (−)-bornyl acetate at two different doses (7.4 mg for low-dose and 18.5 mg for high-dose) on vigilance performance in a visual discrimination task. ECG and EEG were recorded and analyzed. The amount of the emitted (−)-bornyl acetate during the experimental periods was analyzed by GC-MS. We described the results ticipants were instructed to sleep sufficiently and to avoid excessive exercise on the day and night before the experiment, and not to arrive fatigued or drowsy on the day of the experiment. Consumption of alcohol or medications one day before the experiment, and consumption of caffeine on the day of the experiment were prohibited. Each participant performed the visual discrimination task thrice at an interval of one week in a random order of conditions: once in the absence (control condition) and twice in the presence ((−)-bornyl acetate conditions) of volatile from high-dose and low-dose of (−)-bornyl acetate in squalane. Participants were not informed which odor was applied and when they were in the odor or odorless condition throughout the experimental period.
VDT work. Participants were tested individually in a 1.3 × 1.8 × 2.0 m industrial acoustics sound room (Avitecs) that was fully sealed from ambient noise and light. During the test, participants were seated in front of a 21.3-inch color LCD monitor (RDT214S, 1600 pixels × 1200 pixels, 300 cd/m 2 ; Mitsubishi Electric Corp. Tokyo, Japan) controlled by a computer (Windows XP). The view distance was approximately 100 cm. The VDT work using a visual discrimination task was previously reported by Matsubara et al. (2009) and was 30 min in length. A series of random numbers between 0 and 9 appeared on the screen, and each number was presented for 40 ms/s. In the outer frame of the screen at a visual angle of 1.4 × 1.3°, static random noise was presented. Noise was raid on each number in order to increase the difficulty of the task. The series of numbers was presented at 0.91 × 0.68° view angle in diameter. Participants were asked to click the mouse when the number "0" appeared but not to click the mouse when other numbers appeared. Vigilance performance was calculated by the two indices: [1] the reaction time which was the time taken to click when the correct targets appeared; and [2] the rate of true hits, p(tH), which was the rate of response to correct targets minus the rate of response to incorrect targets. The inevitable decline of vigilance was reported to depend on the frequency and/ or speed of signal detections over time. Such decline often occurs from twenty to thirty minutes after task initiation in the laboratory level (9), in some case has been observed as early as the first five minutes (16) .
ECG recording. ECG was recorded using Ag/AgClelectrodes (LecTrode NP; Advance Co. Ltd., Tokyo, Our results showed that the decrease of vigilance, especially p(tH)s compared with the control condition, was induced only by high-dose (−)-bornyl acetate, but not by low-dose (−)-bornyl acetate. Previous studies suggested (−)-bornyl acetate or pine essential oil including (−)-bornyl acetate had a sedative effect by breathing (1, 11) . The olfactory stimulation with sedative-type essential oils or a compound could improve the performance (8, 18, 21, 27) . These information together with our results suggested that the dose of volatile compound is important for performance. Further physiological analysis was performed as described below.
Analysis of HRV
The values of R-R intervals and the ratio of lowfrequency (LF: 0.04-0.15 Hz) to high-frequency (HF: 0.15-0.4 Hz) components during the task (0-30 min) were investigated as shown in Fig. 3 and 4 . At 20, 25 and 30 min, the R-R intervals (± SEM) were 101.1 ± 1.8 (%), 100.9 ± 1.7 (%) and 101.3 ± 1.8 (%) in the high-dose (−)-bornyl acetate condition and 95.1 ± 1.3 (%), 95.3 ± 1.6 (%) and 95.3 ± 1.5 (%) in the control condition, respectively (20 min, 30 min, P < 0.05, 25 min, P < 0.1) (Fig. 3) . The values were 96.7 ± 1.8 (%), 96.8 ± 1.6 (%) and 96.4 ± 1.9 (%) in the low-dose condition. The difference between the low-dose (−)-bornyl acetate condition and the control condition was not statistically observed. The HF components and LF/HF ratio in all conditions during task period were not significantly different. However, as shown in Fig. 4B , the values of average of the LF/HF ratio in the high-dose (−)-bornyl acetate condition during all periods were in the period during and after performing the task.
Quantification of (−)-bornyl acetate in air by GC-MS analysis
The amount of (−)-bornyl acetate emitted from the squalane solution was determined by GC-MS. The amounts of emitted (−)-bornyl acetate during the experiment (40 min: before, during and after a VDT task) were 279.4 μg/40 L air under the low-dose (−)-bornyl acetate condition and 716.3 μg/40 L air under the high-dose (−)-bornyl acetate condition, respectively.
Task period Vigilance performance in visual discrimination task
The level of vigilance performance was determined by reaction time and the rate of true hits-p(tH)-. The values of reaction time and p(tH) were defined as the average of each five-minute period. During all periods, the difference of the values of reaction time in all conditions was not observed (Fig. 2) . However, the values of average of reaction time in the high-dose (−)-bornyl acetate during all periods were higher than those in the low-dose (−)-bornyl acetate and the control conditions. The values of p(tH) at 25 min were 87.1 ± 4.4 (%) in the highdose (−)-bornyl acetate condition, 95.3 ± 2.6 (%) in the low-dose (−)-bornyl acetate condition and 96.5 ± 1.8 (%) in the control condition. The difference between the high-dose (−)-bornyl acetate condition and the control condition was tendency (P < 0.1). On the other hands, the difference between the low-dose (−)-bornyl acetate condition and the control condition was not statistically observed. lower than those in the low-dose (−)-bornyl acetate and the control conditions. Cardiovascular function is controlled by the autonomic nervous system which is composed of the sympathetic and parasympathetic nervous systems. Lorenz scatter plots of R-R intervals, which provide a beat-to-beat dynamic measure of HRV, have distinctive and characteristic patterns according to physiological states (25) . The low-frequency (LF: 0.04-0.15 Hz) and high-frequency (HF: 0.15-0.4 Hz) components of HRV are used for assessing the degree of input to the heart from the autonomic nerves (12, 20) : HF components and LF/HF ratio reflect parasympathetic and sympathetic nerve activities, respectively (17) . Previous reports have indicated that several essential oils or compounds increase cardiovascular autonomic reactivity by breathing (6, 7, 24) . During performing a vigilance task, sympathetic nerve activity increase and parasympathetic nerve activity decrease significantly (28) . The interaction between the changes of autonomic reactivity and task performance depends on task loads. Our results showed that the high-dose (−)-bornyl acetate seemed to suppress sympathetic nerve activity during performing a task, not the low-dose (−)-bornyl acetate as shown in Fig. 4B . These results suggested to be relationship with the decrease of vigilance performance in the high-dose (−)-bornyl acetate (Fig. 2B) . (−)-Bornyl acetate decreases the motility of mice and has a sedative effect by breathing of this compound (1) . Taken together these results, the dose of (−)-bornyl acetate influenced not only vigilance performance but also physiological changes such as R-R interval and LF/HF ratio. More specially, low-dose (−)-bornyl acetate has a potential to maintain the vigilance performance during the VDT task without the suppression of sympathetic nerve activity.
Analysis of brain waves
The EEGs recorded from C3 and C4 electrode sites of the international 10-20 system were analyzed. In In the case of LF/HF ratio, decreases from task period 30 min to the recovery period were significant in the (−)-bornyl acetate conditions. These results indicated that (−)-bornyl acetate induced changes of the autonomic nerve system for relaxation after VDT work.
In this study, the spectral power of the components in EEGs, i.e., the alpha band (8-12 Hz), beta band (12-30 Hz) and theta band (4-8 Hz) were analyzed in the recovery period. Among them, only the theta band showed statistically significant changes as follows. We observed a significant increase in theta band relative power at the recovery period compared with that at task period 30 min in the lowand high-dose (−)-bornyl acetate conditions (Fig. 5) . Those in task period 30 min at C3 and C4 were 14.7 ± 1.2 (%) and 14.5 ± 1.3 (%) and those in the recovery period were 20.0 ± 2.0 (%) and 19.6 ± 1.7 (%) in the low-dose (−)-bornyl acetate condition, respectively (C3, C4, P < 0.01). Those in task period 30 min at C3 and C4 were 15.8 ± 1.7 (%) and 14.6 ± 2.0 (%) and those in the recovery period were 20.3 ± 2.2 (%) and 18.8 ± 2.5 (%) in the high-dose (−)-bornyl acetate condition, respectively (C3, C4, P < 0.05). Theta band power is related to arousal levels and hypnagogic state (19) , suggesting that theta band power increases in drowsy participants. Interestingly, we observed that a significant increase in theta band power at the recovery period in the (−)-bornyl acetate conditions. Our results suggested that (−)-bornyl acetate has a potential to decrease the level of this study, the spectral power of the components in EEGs, i.e., the alpha band (8-12 Hz), beta band (12-30 Hz) and theta band (4-8 Hz) were analyzed before, during the task and recovery periods. During the task period, the all band powers were no statistically significant differences among all conditions.
Recovery period
Analysis of HRV At recovery period, the R-R intervals were 109.9 ± 2.6 (%) in the high-dose (−)-bornyl acetate condition, 106.2 ± 2.5 (%) in the low-dose (−)-bornyl acetate and 99.8 ± 2.5 (%) in the control condition (Fig. 3) . The difference between the high-dose (−)-bornyl acetate condition and the control condition was statistically significant (P < 0.05). On the other hands, the differences between the low-dose (−)-bornyl acetate condition and the control condition was not significant. And we observed a significant increase in the R-R intervals at the recovery period compared with that at task period 30 min in the low and high-dose (−)-bornyl acetate conditions and the control condition (low-dose, P < 0.01, high-dose, P < 0.01, control, P < 0.05). The values of LF/HF ratio in the recovery period were 91.8 ± 15.9 (%) in the highdose of (−)-bornyl acetate condition and 189.0 ± 48.8 (%) in the control condition (P < 0.1). And we observed significant decrease in the LF/HF ratio at the recovery period compared with that at task period 30 min in the low-and high-dose (−)-bornyl acetate conditions (low-dose, P < 0.01, high-dose, P < 0.05) (Fig. 4) . Increase of R-R intervals and decrease of LF/HF ratio indicated the state of autonomic nerve relaxed. arousal after performing a sustained VDT work. In conclusion, low-dose (−)-bornyl acetate induces autonomic nerve relaxation and reduces arousal level after VDT work without any influences of vigilance performance, but not high-dose (−)-bornyl acetate.
